During the last few years two important developments in surgical technique have been the use of the high-frequency current for cutting and burning tissues, and the examination of cavities and viscera of the body by illumination with electric lamps.
lamp flame and the bag promptly exploded with a deafening report. As my head was about two feet away from the apparatus, I learnt a lesson, and for my part I have avoided explosions since I realized the explosibility of weak mixtures of ether with oxygen.
An intratracheal ether apparatus was placed on the upper shelf of a two-decker table. The electric motor-blower was on the lower shelf. During the course of the operation the machine was replenished by pouring ether into the tank by means of a funnel. Some ether was spilled and ran over the edge of the upper shelf and dropped on to the sparking armature of the motor, and a conflagration resulted.
A gauze ether-mask impregnated with ether was placed on the anassthetic table near an electric motor-blower (which was running). The ether caught fire.
DEC.-AN2ESTH. 1 These obvious examples show how easily an ether fire may be started, but ether or ethylene explosions in the mouth or air-passages are more dangerous and their origin is often more obscure.
A Canadian anoesthetist told me of an instructive case: A patient was anaesthetized, for an operation on the pharynx, bv means of ethylene and oxygen. As it was found necessary to apply diathermy to the diseased pharynx, the ethylene was stopped and nitrous oxide-oxygen was given for some minutes. The diathermy electrode was then applied and the operation proceeded for a few moments, suddenly an explosion occurred and the patient received fatal injuries. The suggestion was accepted that the lpatient swallowed ethylene-oxygen during induction, which remained in the stomach until just before the explosion when the gases were regurgitated. In American an8esthetics literature there may be found numerous accounts of ethylene-oxygen explosions, which have in nearly all cases proved fatal. However, Lundy, at the Mayo Clinic, told me that in a series of 39,000 administrations there had not been an explosion.
The blowing of ether and oxygen into the pharynx by means of an intra-nasal or intra-oral tube has led on several occasions to explosion.
In the Lancet, 1925, an account appeared of a fatal explosion which resulted from the introduction into the mouth of the hot metal nozzle of a syringe containing hot air while ether and oxygen were administered. An ether-oxygen mixture may be ignited at 190' C. From time to time I hear of a minor "pop" having occurred when a small lighted electric bulb has been inserted into the mouth during ether-air anesthesia. Realizing this danger, it is common practice for anwsthetists to employ apparatus which permits of the administration of ether-air or ether-oxygen at the commencement of the operation, changing to chloroform-oxygen or chloroform-air a few minutes before an electric lamp is to be inserted into the mouth or upper air-passages or before diathermy is to be used. This was the practice carried out at a recent operation which resulted in explosion at the General Hospital, Birmingham. In the course of an operation for dilatation of a cancerous growth of the cesophagus with insertion of radium, and while the surgeon was withdrawing a small pencil light, an explosion occurred in the patient's mouth, the antesthetic apparatus exploded and burst into flames. Burning ether was splashed about the theatre. Induction was by means of a mixture of ether (two parts) and chloroform (one part) on an open gauze mask. Oxygen was then passed through the chloroform bottle, and at the same time through the ether bottle, whence the mixed gases were conveyed by means of a rubber tube and catheter through the nose to the patient's pharynx. When the surgeon was about to commence, the oxygen stream through the ether bottle was stopped by means of a tap, and this tap was set to deliver only chloroform and oxygen. It was admitted, however, that a small quantity of ether might have been evaporating from the bottle and passing through the open exit tube to join the main current of oxygen and chloroform to the patient. The pencil light 'was fitted with an ordinary commercial type Osram 3k-volt metal filament lamp screwed into the lamp holder, and the lighting current was derived from a 4-volt accumulator situated outside the operating theatre and connected to the lamp by flex insulated wire over 20 feet in length. The patient died five days later on April 20. Professor G. Haswell Wilson, Professor of Pathology at Birmingham University, who made a post-mortem examination, said that there was extensive bruising of the pharyngeal mucous membrane, especially round the rima glottidis. There was a ragged tear in the mucous membrane of the left pyriform fossa ' inch in length, with the underlying tissues infiltrated with pus. There were haemorrhages beneath the mucous membrane of the epiglottis. The mucous membrane of the trachea and larger bronchi was covered with a thin layer of fibrinous exudate and bathed in pus. The bronchi were intensely congested, containing a large amount of foul-smelling pus. The substance of the lungs was cedematous with some areas of early pneumonia towards the base. A cancerous growth was found behind the cricoid cartilage 11 in. in length, encircling the lumen of the cesophagus with marked narrowing. The changes in the lung were those of intense inflammation of the bronchial tree, with decomposition of the inflammatory exudate. The fact that the inflammation of the bronchi was extreme, while there was but little evidence of pneumonia, suggested that the lung tissue had not been damaged to any large extent in the first instance. From the history of the case it is probable that the mucous membrane of the trachea and the bronchi had been extensively damaged by heat with subsequent putrid bronchitis as a cause of death.
It was established that the explosion first occurred in the patient's mouth, and from there was transmitted along the rubber tube to the anasthetic apparatus. The cause of the explosion was attributed to defective contact between the lamp and the holder, thus causing a spark. Experiments conducted by Dr Morgan demonstrated that while a spark in the lamp circuit connected to a 4-volt accummulator failed to explode ether vapour mixed with air in explosive proportions, an explosion readily occurred in mixtures of ether and oxygen. He considered that any spark, however small, must be regarded as highly dangerous in an ether-oxygen mixture.
This accident aroused such widespread public interest, and the facts which were brought forward in the evidence were of so much importance, that it was realized that the matter must be considered at length by this Section.
The phenomena of explosions with ethylene-oxygen will not be dealt with. Anesthetists must realize that ethylene-oxygen should never be used in conjunction with electrical appliances of any sort. The limits of explosibility are wide (2% to 20%), large quantities of ethylene may be set free into the air of the operating theatre and the effects of ethylene explosions are catastrophic.
Ether vapour is employed so commonly in the surgery of the lungs and upper air-passages that we must know precisely the effects of: (1) the apparatus which produces the ether vapour; (2) the ignitability of the inhaled ether-air or etheroxygen mixture and the ignitability of the exhaled ether-air mixture; (3) the risks of sparks from the electrical apparatus which is employed. Hewitt's wide-bore closed ether apparatus produces a rich mixture of ether with air which may be collected over water and readily ignited. It burns with a flame which is nearly smokeless. A strong odour of peroxide and acetone may be detected in the neighbourhood of the flame.
The ether-air mixture which is delivered into the trachea from an intra-tracheal ether apparatus, if it be sufficiently rich in ether to maintain anesthesia, can always be ignited. This should be borne in mind when employing intra-tracheal ether, if diathermy of the lung is to be performed.
Shipway's well-known three-bottle apparatus for the administration of warmed ether and/or chloroform vapour requires more detailed consideration. If the cock is turned to full ether, or to equal proportions of ether and chloroform, the gases which issue from the distal end of the delivery tube may be ignited. The flame may or may not burn back through the tubes to the ether bottle. A rush of air-ether may extinguish the flame or the gases may travel more rapidly forward than the flame can travel backwards towards the bottle, or the mixture may not burn backwards owing to excessive richness. If the mixture is ether and oxygen, however, combustion of explosive violence occurs which spreads with extreme rapidity into the ether bottle. If the cock is turned to full chloroform, the results of applying a spark or a light to the end of the delivery tube are not constant: (1) If the ether bottle is cold from prolonged evaporation of the ether, the issuing gas is non-combustible. (2) If the ether bottle is at room temperature sufficient ether may evaporate from the ether bottle to join with the main current of chloroform and form a combustible mixture. (3) If a zealous nurse has poured hot water into the tin jacket which surrounds the ether bottle, ether evaporates freely and an inflammable mixture composed of air, chloroform vapour and ether vapour results.
It should be pointed out that the stream of chloroform and air past the junction with the exit tube from the ether bottle causes a certain degree of suction in the ether bottle which is termed an "injector effect."
It will be seen that if an electrical spark is likely to occur in the mouth, merely to divert the stream of air or oxygen through the chloroform bottle instead of through the ether bottle, does not prevent the patient from inhaling a combustible mixture of gases. Moreover, as Dr. Morgan will show, the risk of explosion may be greater while chloroform is being administered in this manner.
The question may well be asked: "Is the exhaled air-and-ether from the lungs of a deeply anesthetized patient combustible ? Dr. Morgan and I have applied a spark or a flame firstly to specimens of expired air and ether collected immediately after the withdrawal of a heavily impregnated ether mask, secondly to the collected expirations during deep ether anesthesia, and thirdly to a mixture which was exhaled immediately after a deep inspiration of a strong ether-air mixture. In our experiments we were not able to ignite any one of these specimens. It would appear, therefore, that to apply diathermy in the mouth of a patient to whom ether has been administered is safe, provided that: (1) the patient takes a dozen breaths of fresh air following the discontinuance of the ether administration, and (2) care is taken to ensure that the stomach is not distended with ether vapour and air which may have been swallowed during induction. This latter precaution is, I think, advisable, but the passing of a stomach tube is a troublesome complication.
When diathermy is employed in the mouth, heat is generated inevitably, but the insertion of an electric lamp is not an obvious source of ignition. A spark may occur, however, between the lamp and the terminal in an improperly constructed lamp. The bulb may be knocked against the teeth or a metal instrument and fractured and the hot filament then exposed will ignite an inflammable mixture.
To induce anaesthesia with ether or ether-chloroform mixture, followed by the maintenance of ancesthesia with chloroform or nitrous-oxide-oxygen, is a safe method provided that all ether vapour be withheld for some minutes before the electrical instruments are employed. It may be recalled that although nitrous oxide will support the combustion of a piece of phosphorus suspended in it, nitrous oxide is not itself a combustible gas.
In practice I have found that the administration of a basal narcotic previous to the induction of anwesthesia enables one to use gas-oxygen or very light chloroform anoesthesia, or in some cases to withhold the anmesthetic agent altogether during the actual diathermy or endoscopy. Indeed, I have comne to regard the advent of basal anasthesia as a great boon to surgeons and anasthetists who are performing operations on the mouth, upper air-passages and lungs. For those cases in which there may be bleeding into the lung or air-passages, I have found that nembutal given by mouth (for an adult 3 to 41 gr.) provides a short partial narcosis without depression of the respiratory centre, and with early return of the pharyngeal and laryngeal reflexes. Avertin and pernocton have proved their value in these cases.
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That the vapour of ethyl-ether when mixed with air or oxygen is highly inflammable is well known. That so few explosions of a serious character occur in surgical operating theatres is testimony alike to the care taken to avoid danger and the difficulty of igniting the vapour when present in sufficient quantities to cause aniesthesia. That explosions do sometimes occur suggests the presence of risks which are not adequately understood. A useful purpose may therefore be served by passing briefly in review some of the main facts concerning the inflammability of combustible gas and vapour mixtures.
It is characteristic of most, if not all, gases and vapours that they are only capable of supporting combustion when mixed with air or oxygen in proportions which lie between certain limits-usually referred to as the upper and lower limits. Thus, for example, methane, the gas found in coal mines, is capable of sustaining a flame when mixed with air, only when the proportion of methane lies within the limits of about 5% to 14%. The most inflammable mixture of methane and air contains about 7 5% of methane. The quantities 5% and 14% are respectively termed the upper and lower limits of inflammability.
It is necessary to understand clearly what is meant by an upper or lower limit mixture. Mixtures lying outside the limits are those in which a flame will not spread indefinitely. Such mixtures may be capable of being ignited but the flame resulting from ignition will sooner or later become extinguished, and will not travel indefinitely through any considerable volume of the mixture.
If a mixture of maximum inflammability be ignited in a glass tube it will be noticed that the flame moves rapidly tbrough the whole of the tube. A richer or a weaker mixture will burn less rapidly, but the flame will not become extinguished before passing through the whole of the tube. A mixture in which the amount of inflammable gas is less than the lower limit or more than the upper limit may be capable of ignition, but the flame will not travel through it far from the source of ignition. An excessively rich or weak mixture can usually be burned, but no flame is visible and combustion ceases when ignition is discontinued. A limit mixture is therefore one containing either the least or the greatest amount of inflammable gas that enables a flame to travel through it indefinitely.
The limits of inflammability are not easy to determine. To some extent both limits depend on how the determination is made. The lower limit is usually less susceptible to variation than the upper limit, but the latter sometimes varies considerably with the direction in which the flame is caused to move.
The lower limit for ether-air is about 2%, but the upper limit does not appear to be capable of precise measurement. Determinations in which the flame is caused to move downwards usually give an upper limit of about 6%. When the flame is caused to move upwardly the upper limit appears to be in the region of 20%, and may be as high as 48%. Increase of the oxygen content has little effect on the lower limit, but it has a marked effect on the upper limit. The lower limit for ether-oxygen is slightly less than 2%. With downward propagation of the flame the upper limit has been given by different authorities as 26% and 40%. With upward propagation of the flame the upper limit may reach as high a figure as 90% of ether vapour.
Just as the inflammability of ether-air or ether-oxygen varies with the proportions of ether, so the ignitability varies. A spark which is only just capable of igniting a mixture of maximum inflammability will fail to ignite a limit mixture. Further, increase of the oxygen content increases the ignitability of the mixture.
Thus, a spark which will fail to ignite, say, a 4% mixture of ether-air may readily ignite a 4% mixture of ether-oxygen. A mixture of ether-air such as is used for producing anasthesia, is so rich that a comparatively large spark can be passed through it without causing ignition, but the same spark will readily ignite a mixture of the same proportions consisting of ether and oxygen.
Another fact which requires to be emphasized is the relatively low ignition temperature of ether-air and ether-oxygen mixtures. Inflammable gases such as hydrogen, carbon-monoxide and methane all require a temperature of over 5000 C. to cause ignition. Ether vapour ignites at the relatively low temperature of about 1900 C. It must be remarked also that liquid ether when contaminated by impurities may ignite at a temperature as low as that of boiling water.
The facts above mentioned are not merely of academic interest. They provide a valuable guide to an understanding of the risks incurred when electrical apparatus is placed in the mouth of a patient who is under the anEesthetic influence of ether-air or ether-oxygen. The richness of the mixtures required to produce anaesthesia provides a measure of safety because such mixtures are not so readily ignitable as a mixture containing the most inflammable proportion (about 4%) of ether. It is of the utmost importance, however, to know that a rich ether-oxygen mixture ignites more readily than a corresponding ether-air mixture. On this account it may be safe to expose a spark to a rich mixture of ether-air, but unsafe to expose the same spark to ether-oxygen. The greatest danger exists when the proportions of ether and oxygen are those of maximum inflammability. Then an extremely tiny spark suffices to cause ignition. After the explosion at the Birmingham General Hospital in the early part of this year, Dr. Featherstone explained to me the Shipway apparatus which was in use at the time of the explosion, and pointed out to me that ether vapour could apparently escape from the ether bottle when air or oxygen was passing through the chloroform bottle only. In experiments based on this observation, I found that the mixture of ether which could be obtained when air or oxygen was passed through the chloroform bottle was one approaching maximum inflammability. Consequently the risk of explosion which existed while the patient was receiving chloroform was very much greater than when ether was being administered. This condition is due to the fact that the outlet of the ether bottle is always open to the delivery pipe, and ether vapour is free to pass to the delivery pipe by diffusion or suction. The danger thus introduced is accentuated when warm water is placed around the ether bottle. The danger may be absent when the ether is very cold.
The practical conclusions to which a systematic examination of the problem leads are (1) No electrical apparatus of any kind capable of giving a free spark or exposing a hot surface should be inserted in the mouth of a patient while ether-air, and especially ether-oxygen, is being administered, and (2) The Shipway apparatus, when employed in operations in which risks of ignition occur, ought to be fitted with a cock which closes the outlet from the ether bottle when the air or oxygen is diverted to the chloroform bottle.
The Shipway apparatus in its present form combines effectiveness with simplicity in an admirable manner. Fortunately the condition above mentioned can be met without in any way interfering with the desirable qualities already present in the apparatus.
Some of the pencil lights used by surgeons are likewise excellent from the point of view of safety, but others are such as would never be allowed in a coal mine, and ought to be barred from use in a patient's mouth when inflammable gases are present. Through the kindness of Messrs. Joseph Lucas, Limited, and Messrs. Benton and Stone, Limited, both of Birmingham, I am able to show a pencil light and a cock, both of which have been designed at my request to obviate the risks which occasioned the explosion at the Birmingham General Hospital.
The cock, supplied by Messrs. Benton and Stone, Limited, involves no complication in the manipulation of the Shipway apparatus, but its construction is such that it controls both the inlet and the outlet of the ether bottle.
The lamp supplied by Messrs. Joseph Lucas, Limited, is as convenient-and as inexpensive as regards bulb renewals-as an ordinary pencil light, such as appears to be commonly used, but its construction is such that a spring contact is arranged in the bulb socket, so that no sparking can occur between the bulb and socket while in the patient's mouth; further, the lamp can readily be sterilized if necessary. Solid glass bulbs are preferable, on account of greater mechanical strength and superior optical properties, to the thin glass bulbs commonly used in pencil lights.
Dr. Charles Hadfield said that on an occasion like this some mention should be made of the excellent work done on behalf of the Anesthetics Committee by the late Professor H. B. Dixon, of Manchester, from 1926 until the time of his death. Professor Dixon had for years been working on problems connected with the ignition temperatures of gases on behalf of the Mines Research Board, and was the admitted authority on the subject in this country.
The Antesthetics Committee became interested in the subject largely owing to the fatal accident at the Queen Mary's Hospital, Stratford, and, at the suggestion of Professor Donnan, Professor Dixon was asked to join the committee and give it the benefit of his advice. Not only did he do this, but he performed numerous experiments, the results of which were published in a number of notes and papers in the various medical journals, and a masterly r6sum6 (as far as they had then gone) was communicated to the Section by Dr. Blomfield, the chairman, at the joint meeting with the American Anaesthetists in July, 1926. It would be impossible for him (the speaker) to attempt to give such a resum6, but he thought that Professor Dixon's results would be found to correspond very closely with these so carefully worked out and so admirably described by Dr. Morgan.
There wore, however, two points to which he would like to draw special attention.
Firstly, with regard to explosions of mixtures of ether vapour and oxygen. Professor Dixon studied the ignition points of such mixtures in considerable detail. He found some' difficulty in determining exact figures, as they varied greatly under different pressures and percentages, etc. Another difficulty was the fact that the ether of a mixture approaching ignition point tended to become decomposed and so to undergo a partial combustion with an almost invisible flame. This might then develop into a normal visible combustion.
But what Professor Dixon had been able to determine without any shadow of doubt was that under certain conditions of percentage and pressure, conditions quite compatible with the circumstances under which ancesthetists used such mixtures, an ether-oxygen vapour might be ignited by contact with hot metal, such metal being as much as 3000 C. below visible red heat. This result was felt to be so important that the speaker, as secretary, had been instructed to write a letter on the subject to the medical journals. This letter was published, in some cases with editorial comment, and even received undesired publicity in the columns of a daily newspaper.
The second point to which he wished to draw attention, again quoting Professor Dixon, was the part that could be played in these accidents by such an apparently chemically harmless gas as nitrous oxide. The results with regard to anaesthetic vapours had been worked out by Professor Dixon chieflv with ethylene and propylene, but as the facts were no doubt equally true in respect to ether, he desired to refer to them.
Curiously enough, the active part taken by nitrous oxide in supporting combustion had been noted very early, in fact, by Joseph Priestley himself when he discovered Proceedings of theRoyal Society of Medicine the gas in 1776. He described a candle as burning in the gas with a much enlarged flame, "sometimes twice as large as it is naturally and sometimes not less than five or six times larger." Humphry Davy also observed the increase in size of a candle flame in nitrous oxide. He had thought that the heat first decomposed the nitrous oxide, which allowed easier combustion with the released oxygen. He wrote: "Inflammable bodies in general require for their combustion in nitrous oxide much higher temperatures than those at which they burn in air or oxygen." This opinion held ground up to the time of Professor Dixon's recent experiments. In a large series of observations, however, the Professor found the exact converse to be true. He stated: "All the gases we tested in our apparatus have lower ignition points in nitrous oxide than in oxygen, and these ignition points are found at temperatures below that at which the thermal decomposition of nitrous oxide is appreciable." This statement was amplified by several tables describing his actual experiments.
As an example of his confirmation of Priestley's original observation, Professor Dixon found that a flame of hydrogen burning in air became doubled in diameter with a multiplication of its height by five if the air were replaced by nitrous oxide.
The application of these observations to the work of practical ansesthetists was sufficiently obvious. Conditions which might be considered reasonably safe with mixtures of ether vapour with air or oxygen might be rendered very much less so, or absolutely dangerous, by the addition of such an apparently innocuous gas as nitrous oxide.
Dealing with the general question of these most distressing accident3 he (Dr. Hadfield) thought that the only practical lesson to be learnt was one of excessive caution. As far as he had been able to notice from reports, the danger of a really serious or fatal result from these explosions was vastly greater if the vapour was being administered endotracbeally. When given by ordinary inhalation there seemed to have been several cases in which there had been a deplorable pyrotechnic display, but no serious harm had resulted to the patient as the explosion had ceased at or near the lips. With an endotracheal tube in position, however, there was a clear way for the flame right to the alveoli of the lungs and a fatal issue was almost certain to follow ignition.
The use of the diathermy knife now becoming so popular with many surgeons increased the field of danger, even when employed at a point more or less remote from the respiratory apertures. Not long ago a patient was being anesthetized for a breast operation with endotracheal gas-oxygen-ether. The anaesthetist was separated from the operation area by a screen well covered with towels, etc. In spite of this, when the diathermy knife was used to incise the skin an explosion occurred, the ether vapour having apparently been able to find its way under or through the towels in a most unexpected manner.
It was news to him to hear that with an ordinary Shipway's apparatus ether vapour could still be drawn into the tubing when the ether cock was turned off and he was exceedingly glad to have the information. In most cases of the kind he used some form of Boyle's apparatus in which he did not think this could occur. Nevertheless he liked to take all precautions. He used to be content with emptying the ether bottle before commencing such an administration, but it had occurred to him that even so some ether vapour would remain in the bottle. With the warmth of the theatre this would expand and might prove even more dangerous than liquid ether, were some onlooker inadvertently to switch over the stopcock. So he now either washed out the ether bottle with water till no suspicion of ether vapour remained or, better still, removed the ether bottle altogether. It was, he thought, only by such precautions that disaster could be avoided. The fact that certain percentages of ether were either too strong or too weak to be intlammable was of the greatest interest, but few would feel inclined to entrust their patients' and their own lives to such considerations.
One other point he wished to bring forward was the possible effect of an excess or a lack of carbon dioxide on the ignition point of the anesthetic vapour. All must have noticed in blowing out a candle that if one directed a full expiration close to the flame it usually went out without any glowing of the wick. If, however, one only blew a thin stream of expired air at the flame, and so probably directed upon it a proportion of the air of the room, the wick was apt to glow and smoke for some time. This he had always assumed to be due to the 4% of carbon-dioxide normally present in expired air. If there was any truth in this assuimption, the percentage of carbon-dioxide in the mouth might possibly raise the ignition point of ether vapour above that determined for this particular vapour by experiment away from the patient. A more important practical point might be the converse process. It was well known that ether anesthesia, with its voluminous breathing, tended to wash out the normal carbon dioxide of the body and so in time to diminish the percentage of that gas in the air expired by the patient. If there were any truth in what was suggested, it looked as if an ether vapour might become more and more inflammable as the operation progressed, owing to the progressive diminution in the percentage of carbon dioxide present in the air-passages.
Dr. Kirkby Thomas said that as the result of sundry experiments which he had conducted, he had come to the conclusion that, given the correct mixture of oxygen and/or air-ether vapour, explosions could take place at temperatures lower than 100 C0.
On this assumption, he suggested that in some cases intra-pharyngeal explosions might be due to the excessive heat of some of the varieties of lamp bulbs used in endoscopies, etc. Experimental work in this direction might be of value.
He had experimented with his own Shipway's apparatus under working conditions, to ascertain if any ether vapour was drawn over when the cock was turned so as to deliver chloroform vapour only. The results had been entirely negative, no ether being discernible either by smell or by applying a naked light to the end of the efferent tube, but he considered that, as a matter of precaution, some means of clamping the efferent tube from the ether bottle should be adopted. Mr. A. Lowndes Yates said that certain aspirating pumps might cause explosions, patticularly when they aspirated ether and air or oxygen mixtures continuously. These explosions seemed to occur when the pump was enclosed within a box, and it was possible that explosions which were attributed to lights were actually initiated by the aspirator. Mr. C. Langton Hewer said that he doubted whether there was any danger in. performing intubation with a direct-vision laryngoscope on patients anaesthetized with ether. An immense number of intubations had been performed without an explosion, and he attributed this to the low voltage employed in the tiny lamps used for distal illumination, and to the probability, advanced by Dr. Featherstone, that the exhalations of an etherized patient were non-explosive.
It was possible to use diathermy in the mouth of a patient anesthetized with nitrous-oxide-oxygen-ether, provided that a wide bore rubber intubation tube filled the glottis, and that wet gauze plugging was used in addition.
If partial rebreathing was employed, with the expiratory valve out of harm's way, it should be impossible for an inflammable mixture to be present in the mouth.
Dr. F. F. Waddy said that for all diathermy operations above the shoulders he had invariably used chloroform throughout, but for diathermy removal of the breast, his practice was to have the patient's head wrapped in a mackintosh sheet and to feed ether vapourand oxygen in the usual way. The risks, if any, of this method DEc.-ANA:STH. 2 * could only come from the diathermv point, which he considered adequately guarded, and the contact breaker of the diathermy machine which sometimas might lie near the stream of vapour which must lead from the sheet. He was sure that the method protected the patient, if not the others in the theatre. For work in houses near a large fire he had often used effectively a screen of blankets touching the floor and about two feet high.
In cases in which a basal narcotic had been relied upon for diathermy operations about the face and mouth, and had proved insufficient, he had used an ordinary nasal gas with good result.
Mr. G. Ramsey Phillips (President) reported a case of combustion occurring in the oxygen cylinder of a gas-and-oxygen apparatus, said to be due to the sudden liberation of oxygen at high pressure (1,750 lb. per square inch) into the closed space between the bottle valve and the reducing valve. The heat produced by the sudden compression of the air between the two valves was sufficient, in the presence of oxygen, to ignite the material of which the valve is composed. He had been told by two manufacturers of oxygen that appreciable quantities of either were occasionally found in oxygen bottles returned for refilling. To reduce the risk of the first accident, the reducing valve should always be opened first and the bottle valve then turned on very gradually. To avoid the second, the oxygen valve should be turned off directly the bottle was empty.
Mr. Walter Howarth said that in view of the possible dangers of explosion in ether-air and ether-oxygen mixtures he would like to mention that with the use of avertin, reinforced perhaps by morphia, it was possible in many cases to carry out operations on the upper respiratory tract. He had removed a sarcoma of the tonsil by means of the diathermy knife under avertin anaesthesia without any inhalation aniesthetic whatever. Also, in some cases, cesophagoscopy and bronchoscopy were possible, though this was not always the case. The use of basal narcotics, such as avertin, should certainlv be explored, in the hope that the use of inhalation antesthetics might largely be superseded.
Dr. H. N. Webber said that avertin had proved satisfactory for bronchoscopy in a series of thirty cases. Morphia had been used in some of these, and thorough cocainization of the larynx had always been necessary.
The breakage of an electric bulb in the mouth need not cause an explosion in a patient under ether, as this accident bad once occurred to him when introducinig a catheter, using a separate pencil light.
The disposal of waste ether requires greater care; the statement that the cook in the basement kitchen of a certain home knew by its smell when the theatre at the top of the building had been in use, suggested that, sooner or later conditions for an explosion would be present.
